Professional jockeys are unique among weight-making athletes, as they are often required to make weight daily and, in many cases, all year-round. Common methods employed by jockeys include dehydration, severe calorie restriction, and sporadic eating, all of which have adverse health effects. In contrast, this article outlines a structured diet and exercise plan, employed by a 22-yr-old professional National Hunt jockey in an attempt to reduce weight from 70.3 to 62.6 kg, that does not rely on any of the aforementioned techniques. Before the intervention, the client's typical daily energy intake was 8.2 MJ (42% carbohydrate [CHO], 36% fat, 22% protein) consumed in 2 meals only. During the 9-wk intervention, daily energy intake was approximately equivalent to resting metabolic rate, which the athlete consumed as 6 meals per day (7.6 MJ, 46% CHO, 19% fat, 36% protein). This change in frequency and composition of energy intake combined with structured exercise resulted in a total body-mass loss of 8 kg, corresponding to reductions in body fat from 14.5% to 9%. No form of intentional dehydration occurred throughout this period, and mean urine osmolality was 285 mOsm/kg (SD 115 mOsm/kg). In addition, positive changes in mood scores (BRUMS scale) also occurred. The client was now able to ride light for the first time in his career without dehydrating, thereby challenging the cultural practices inherent in the sport.
Horse racing in Great Britain is a popular sport, attracting approximately 6 million race goers annually. In Britain, it is divided into the two codes of Flat and National Hunt (jump racing over hurdles or fences). The two codes operate weight allocation on a handicap system, ranging from 49.9 to 63.6 kg for Flat racing and 63.6 to 75.5 kg for National Hunt racing. In the last 20 years, horse racing in Great Britain has become an allyear sport, 7 days/week, primarily due to the introduction of all-weather racetracks. Therefore, unlike other weight-making sports such as boxing (Morton, Robertson, Sutton, & MacLaren, 2010) , professional jockeys are often required to make weight daily, which poses a unique challenge. A further challenge is that jockeys are often required to ride at different weights on the same day, which is again unique to horse racing.
Common weight-making methods involve energy restriction and daily use of saunas and sweat suits (Waldron-Lynch et al., 2010; Labadarios, Kotze, Momberg, & Kotze, 1993) . Professional jockeys have been reported to lose 1.2 kg on a race day using acute dehydration (Cotugna, Snider, & Windish, 2011) . Excessive sweating and dehydration techniques have been directly attributed to decreased cognitive and physical performance in judo competitors (Filaire, Maso, Degoutte, Jouanel, & Lac, 2001 ) and increased cardiovascular and thermoregulatory strain in cyclists (Ebert et al., 2007) . In addition, Irish jockeys have been reported to have high rates of bone turnover (Waldron-Lynch et al., 2010) , which is likely attributable to their inappropriate dietary practices and the often daily necessity to make weight.
In this article, we provide a case study demonstrating how a scientific and structured intervention can be implemented for making weight for a male professional National Hunt jockey (referred to herein as "the athlete") that does not rely on any of the aforementioned techniques. The athlete provided written permission for this publication.
The Athlete
The athlete is a 22-year-old experienced male professional National Hunt jockey currently riding in Great Britain (637 races at the time of the intervention). He was not taking any medication or dietary supplements and was a nonsmoker. His aim was to make weight at 63.6 kg, so he was required to weigh ≤62.6 kg to ride at the minimum weight with light accessories (saddle, racing boots, and body protector). Before our intervention, the athlete had regularly dehydrated by 2-3 kg/ day to make weight using a sweat suit and sitting in the racecourse sauna. Acute dehydration has been described as unsafe (Labadarios et al., 1993) , can result in poor decision making (Tomporowski, Beasman, Ganio, & Cureton, 2007) , and therefore may increase the risk of injury. During these acute sweating sessions, the athlete restricted himself to sipping water or an occasional ice cube, with no nutritional intake. When employing such techniques he reported feeling weak and run down and suffered from low morale. At the start of our intervention, the athlete had recently returned to riding horses after sustaining a concussive injury 12 weeks prior in a racing fall but had not returned to competitive race riding. He disclosed that to make weight on the particular day of his injury, he had reduced body weight by 4.5 kg in less than 24 hr. He therefore agreed to take part in the intervention in the hope that when he returned to race riding he could make weight without the need to drastically dehydrate. An outline of the athlete's general nutrition to make weight involved the following:
• Waking at 5:30 a.m. and then having no food intake until midmorning (approximately 10 a.m., after his stable duties). Generally, nutrition at this time was half a cup of tea with chocolate biscuits. • Travel to racecourse (up to 3 hr in a car) in time for the first race at approximately 2 p.m. If riding light the athlete would typically use the sauna to sweat off up to 2-3 kg. He would then typically ride one or two races.
• At the racecourse, depending on the weight at which he was required to ride, the athlete would consume a small amount of sugary drinks between races and no food until after the final race. If he was required to ride light he consumed no fluid at all. • Postrace (approximately 4:45 p.m.) the athlete would eat a white-bread sandwich (chicken and mayonnaise), chips, chocolate bar, and sugary drinks (consumed at the racecourse).
• The athlete would eat an evening meal at approximately 9 p.m., generally meat and sauce or fast food (burger with fries).
• Occasionally, the athlete would consume up to four bottles of beer throughout the evening (only if he was not race riding the following day).
Baseline Physiological and Anthropometrical Assessments
Baseline assessments are shown in Table 1 . Body composition and total bone-mineral density were assessed at the start of the intervention and then at Weeks 2, 4, 6, and 9 (Figure 1 ), using dual-energy X-ray absorptiometry (DXA, Hologic, USA). The athlete arrived fasted on each occasion, and urine osmolality was assessed using a handheld refractometer (Atago, USA) to ensure reproducible DXA scans (Nana, Slater, Hopkins, & Burke, 2011) . Resting metabolic rate was estimated using the prediction equation of Cunningham (1980) . The athlete completed a VO 2max test using online gas analysis (Metalyser, USA) on a motorized treadmill (HP Cosmos, Germany) with a 2-min incremental protocol to volitional exhaustion. One-repetition maximum (1-RM) was measured on fixed-resistance machines (Technogym, UK). All 1-RM exercise was overseen by the seventh author, who is a qualified exercise professional (United Kingdom Strength and Conditioning Association Accredited), and data are presented in Table 2 .
Assessment of the Athlete's Mood State
Mood was evaluated by having the athlete complete the Brunel Mood Scale (BRUMS; Terry, Lane, Lane, & Keohane, 1999), which was overseen by a British Psychological Society-chartered psychologist and Health Professions Council-registered sport psychologist (third author). Preintervention, the athlete demonstrated higher than average levels of anger, depression, and fatigue and lower than average vigor (see Figure 2 ). This abnormal mood-state pattern is commonly referred to as an inverted-iceberg profile, created by the positive mood state of vigor being below average and the negative mood states being elevated. Abnormal mood profiles are typically associated with athletes who experience chronic fatigue, and high levels of training stress, burnout, and overtraining (Caulfield & Karageorghis. 2008) . Bone density (g/cm 2 ) 1.879
Whole-body T score -0.4
Resting metabolic rate (MJ/day) 7.10
Maximal oxygen uptake (L/min) 3.37
Maximal heart rate (beats/min)
Assessment of Energy Intake and Expenditure
After appropriate education, the athlete completed a 7-day food diary before our intervention, which was subsequently analyzed using dietary-analysis software (Microdiet, Downlee Systems, UK), as shown in Table 3 . The food diary involved estimation of portion sizes. The athlete was asked to describe food intake using appropriate descriptors such as "a cup of rice" and "a teaspoon of sugar." He was shown a measuring cup for calibration purposes, and where possible he used food labels to give accurate description of portion sizes. These methods were chosen for practical reasons, with the athlete stating that it would be difficult to weigh food during his typical day. In addition, the athlete documented daily unstructured (general stable duties) or structured (riding) physical activity (see Table 4 ). To evaluate daily energy expenditure, he wore a Polar RS400 heart-rate monitor (Polar Electro, Finland) for a 24-hr period during a typical working day in the initial stage of the intervention. We had previously compared this monitor with gas analysis during steady-state exercise (using the athlete as the test subject) and demonstrated that it is able to accurately quantify energy expenditure (unpublished observation). Due to governing-body regulations, we were unable to measure energy expenditure during race riding, so we attempted to quantify it during a simulated 2-mile race (a typical distance over jumps) on a mechanical horse (Racewood Equestrian Simulator, UK) using online gas analysis (Metalyser, USA). Typical energy expenditure for the athlete during the simulated race was approximately 0.23 MJ.
Overview of the Nutritional and Exercise Intervention
After baseline assessment, target body-mass loss was 7.7-8.5 kg over a 9-week period, which required a daily Chest press (kg) 60 62.5
Shoulder press (kg) 37.5 37.5
Leg extension (kg) 80 82.5
Leg press (kg) 110 115
Maximal oxygen uptake (L/min) 3.37 3.58 energy deficit of approximately 4 MJ. Body-composition assessment revealed that it would be necessary to induce both fat-and lean-mass loss to achieve the target weight.
The athlete was provided with sample menu plans and completed a second 7-day food diary at Week 4 of the intervention (the nutritional intervention was designed by the sixth and seventh authors, who are both senior lecturers in sports nutrition and between them are currently working as applied nutrition consultants in English Premiership football and European Rugby Union and with professional boxers). A comparison of energy intake before and during our intervention is shown in Table 3 . The amended diet involved increasing daily carbohydrate (CHO) intake to 3 g/kg body mass and ensuring that most CHO was of low or medium glycemic index to promote lipolysis (Wee, Williams, Tsintzas, & Boobis, 2005) . Our rationale for 3 g/kg was to enhance lipid oxidation and stimulate gluconeogenesis and protein oxidation to reduce lean mass while still meeting appropriate CHO requirements of the sport. Indeed, the CHO requirement based on 12 min of racing (two races/day, 6 min/race, which was the maximum accumulated raceriding time for our athlete in his busiest period) is unlikely to require high muscle-glycogen availability that is normally associated with high-intensity sports. The evidence to support this can be seen in the simulated 2-mile race described earlier, which required an energy cost of 0.23 MJ. It is also important to note that if the athlete were to consume 6 g/kg of CHO (middle range of the 5-7 g/kg suggested for moderate exercise; Burke, Hawley, Wong, & Jeukendrup, 2011)-which is often (indiscriminately) recommended for athletes without calculating the energy demands of the particular sport-along with the recommended (but conservative) 1.2 g/kg of protein (Tipton & Wolfe, 2004 ) and 1 g/kg of fat, this would result in a daily intake of 11.1 MJ. This figure is approximately 50% more energy than we calculated the athlete should consume to achieve the required body mass.
We also advised reducing fat intake to ~0.8 g/kg, which was largely achieved from fish sources and oils providing essential fatty acids. To prevent excessive loss of lean mass and to increase feelings of satiety, protein intake was increased from 1.2 to 2.4 g/kg as used by Mettler, Mitchell, and Tipton (2010) and previously by our group with a professional boxer attempting to make weight (Morton et al., 2010) . This increased protein intake was achieved with foods such as cottage cheese, mackerel, eggs, chicken, and one whey protein shake per day.
Before the intervention, fluid intake was sparse and largely in the form of sugary drinks (such as cola), sugared tea, and alcohol. The amended diet involved the athlete drinking water, hydration drinks, or green tea only. Green tea was chosen as it has significantly less energy than the athlete's usual sugared black tea with milk and has been reported to increase lipolysis (Venables, Hulston, Cox, & Jeukendrup, 2008) .
To achieve the athlete's desired daily energy deficit of ~4 MJ, two sessions per day of 30 min jogging at 65-70% of maximum heart rate were also advised. The overall daily energy intake in the advised diet was 7.53 MJ (approximately his resting metabolic rate), which was a small decrease compared with his preintervention typical daily intake (Table 3) , although this intake was divided into six regular meals per day. We acknowledge that this energy deficit is greater than the recommended guidelines for general weight loss, but we deemed it necessary to achieve the target weight loss yet sufficient to promote Note. HR max = maximal heart rate. Reported energy expenditure represents total energy expenditure for a randomly selected 24-hr period and therefore includes the activities outlined, as well as the energy expenditure associated w ith free living. health and well-being. Indeed, the athlete reported that he had never eaten so much and reported no signs of ill health throughout the 9-week period.
Outcome of the Intervention
Anthropometric changes for the 9-week intervention can be seen in Figure 2 . The mean body-mass loss per week was ~1 kg, with a total reduction of 8 kg over the 9 weeks. The athlete reduced his fat mass by 4.8 kg ( Figure 2C ) and his body fat from 14.3% to 9% ( Figure 2D ). He lost 3.2 kg of lean mass, primarily in the first 2 and last 3 weeks of the intervention ( Figure 2B ). On each visit to our laboratories, the athlete was fully hydrated with a mean urine osmolality of 285 mOsm/kg (SD 115 mOsm/kg), thereby demonstrating the prevalence of a euhydrated state. He also reported he had not resorted to previous practices of exercising in a sweat suit or limiting fluid intake. By the ninth week of the intervention the athlete had resumed race riding and reported that this was the most fluid he had ever consumed as a professional jockey on race day (approximately 1.8 L) while still being able to ride at the minimum weight (see Table 3 ). Despite reductions in lean mass, we observed a slight increase in 1-RM for three of the four fixed-weight exercises, and VO 2max increased by 0.2 L/min, the latter likely due to the addition of daily exercise. This increase in VO 2max of ~6% is in line with previous studies using moderate-intensity aerobic training (e.g., Helgerud et al., 2007) . The increase in 1-RM occurred despite the small drop in lean mass and could be described as unexpected. We suggest that this increase may have been due to the increased feeling of vigor and decreased fatigue reflected in the BRUMS scale. Throughout the intervention, the athlete reported no feelings of hunger, thirst, or fatigue at any time and reported feeling more energetic, fitter, and stronger when race riding. These increased energy levels were reflected in the BRUMS assessment through positive changes in vigor and fatigue. Increases in vigor and a reduction in fatigue are commonly associated with increased energy levels and a reduced likelihood of suffering chronic fatigue (Caulfield & Karageorghis, 2008) . In addition, our intervention reduced anger and depression to below average (Figure 1 ). Previous studies in elite jockeys have reported that their dietary habits negatively affect mood state (Caulfield & Karageorghis, 2008) , although to our knowledge no study has attempted to address this with alternative diet plans. Thus, a novel finding from our intervention is that an alternative nutritional and exercise strategy improves perceptions of mood and well-being. Indeed, the athlete informed the research team that this was the first time in his career that he did not constantly think about food during the day. A limitation of this study was that the food diary was not completed for long enough for us to make any judgments on his micronutrient intake, and portion size was estimated. Future studies should consider using more precise methods of assessing dietary intake, such as a weighed-food record, and may consider completing a longer food diary.
Practitioner Reflections and Future Directions
At the end of the 9-week period, the athlete had achieved his goal of race riding at minimum weight without the need to dehydrate or limit food intake. He has resumed race riding after his injury and for the first time in his career has managed to race light without the need to dehydrate, all while consuming six meals per day. Now that the athlete has achieved his target weight, he has been advised to
• Continue with one running session per day. This is not only to increase energy expenditure but may also help increase bone-mineral density (Dolan et al., 2012 ).
• Increase CHO intake from 3 to 4 g/kg and continue taking 2 g/kg protein and 0.8 g g/kg fat to give a total intake of 8.84 MJ/day. This is approximately 0.67 MJ more than the athlete was eating before the intervention and is designed to give more than adequate CHO to fuel racing and daily activities while maintaining current body weight.
• Continue to remain fully hydrated at all times by drinking regularly.
A goal of our intervention was to teach the athlete that there are alternative strategies to make weight. The research team is confident that the athlete now has the required knowledge to continue to make weight while remaining euhydrated throughout his career. Moreover, we sincerely hope that this case study provides an example to other jockeys to choose a healthier alternative to meal skipping and dehydration to make weight.
